Expansion of arid lands due to climate change, particularly in water stressed regions of the world can have severe implications on the economy and people's livelihoods. The spatiotemporal trends in aridity, the shift of land from lower to higher arid classes and the effect of this shift on different land uses in Syria have been evaluated in this study for the period 1951-2010 using high-resolution monthly climate data of the Terrestrial Hydrology Research Group of Princeton University. The trends in rainfall, temperature and potential evapotranspiration were also evaluated to understand the causes of aridity shifts. The results revealed an expansion of aridity in Syria during 1951Syria during -1980Syria during compared to 1981Syria during -2010. About 6.21% of semi-arid land was observed to shift to arid class and 5.91% dry-subhumid land to semi-arid land between the two periods. Analysis of results revealed that the decrease in rainfall is the major cause of increasing aridity in Syria. About 28.3% of agriculture land located in the north and the northwest was found to shift from humid to dry-subhumid or dry-subhumid to semi-arid. Analysis of results revealed that the shifting of drylands mostly occurred in the northern agricultural areas of Syria. The land productivity and irrigation needs can be severely affected by increasing aridity which may affect food security and the economy of the country.
Introduction
The transition of aridity is considered as a foremost and assertive impact of global climate change. Evapotranspiration is supposed to increase due to a rise in temperature, which along with the changes in precipitation patterns could alter atmospheric water balance and aridity [1] [2] [3] [4] [5] [6] [7] [8] . Increasing aridity with the changes in climate has been noticed in different regions of the Earth [9] [10] [11] [12] . An increase in arid lands by 3.1% between 1980-2010 and 1951-1980 has been reported by Liu, Sun [13] . Studies also reported a continuous increase in aridity in the context of climate change. Koutroulis [14] projected a 7% increase in global drylands in the last part of the present century while Feng and Fu [15] projected an increase of 10%. The increase in aridity would compel more than 24% population to live under water stress by the end of this century [16] . Syria has two major seasons: hot and dry summer (May to October) and cool and wet winter (November to April). The precipitation occurs in Syria mainly in winter (November to May) by moist air carried out by the Mediterranean wind. The rainfall in the country ranges between 75 mm to 1000 mm per year. Spatial distributions of annual mean rainfall and the annual average of daily temperature of Syria are shown in Figure 2 . Most rain in the country occurs in the Mediterranean coastal regions and very less in the inland. The mean temperature of the country ranges from 23 °C in the eastern coast to 12 °C in the western desert. January is the coldest month (annual mean temperature of 7 °C) and August is the hottest (27 °C) . Recently, Syria faced several long-term severe droughts [43] , which caused crop failure, large migration and economic damages prior to the civil war unrest [44] . Nevertheless, droughts impacts became more severe with the current unrest in Syria [45] . The droughts were caused by a decrease in rainfall amounts and an increase in evapotranspiration [46] . Romanou, Tselioudis [47] remarked a significant rise of evaporation in the west of the country during 1988-2006. Syria has two major seasons: hot and dry summer (May to October) and cool and wet winter (November to April). The precipitation occurs in Syria mainly in winter (November to May) by moist air carried out by the Mediterranean wind. The rainfall in the country ranges between 75 mm to 1000 mm per year. Spatial distributions of annual mean rainfall and the annual average of daily temperature of Syria are shown in Figure 2 . Most rain in the country occurs in the Mediterranean coastal regions and very less in the inland. The mean temperature of the country ranges from 23 • C in the eastern coast to 12 • C in the western desert. January is the coldest month (annual mean temperature of 7 • C) and August is the hottest (27 • C). Recently, Syria faced several long-term severe droughts [43] , which caused crop failure, large migration and economic damages prior to the civil war unrest [44] . Nevertheless, droughts impacts became more severe with the current unrest in Syria [45] . The droughts were caused by a decrease in rainfall amounts and an increase in evapotranspiration [46] . Romanou, Tselioudis [47] remarked a significant rise of evaporation in the west of the country during 1988-2006. Syria has two major seasons: hot and dry summer (May to October) and cool and wet winter (November to April). The precipitation occurs in Syria mainly in winter (November to May) by moist air carried out by the Mediterranean wind. The rainfall in the country ranges between 75 mm to 1000 mm per year. Spatial distributions of annual mean rainfall and the annual average of daily temperature of Syria are shown in Figure 2 . Most rain in the country occurs in the Mediterranean coastal regions and very less in the inland. The mean temperature of the country ranges from 23 °C in the eastern coast to 12 °C in the western desert. January is the coldest month (annual mean temperature of 7 °C) and August is the hottest (27 °C) . Recently, Syria faced several long-term severe droughts [43] , which caused crop failure, large migration and economic damages prior to the civil war unrest [44] . Nevertheless, droughts impacts became more severe with the current unrest in Syria [45] . The droughts were caused by a decrease in rainfall amounts and an increase in evapotranspiration [46] . Romanou, Tselioudis [47] remarked a significant rise of evaporation in the west of the country during 1988-2006. In this study, the Global Meteorological Forcing Dataset for Land Surface Modeling (PGF) dataset developed by the Land Surface Hydrology Research Group of Princeton University [48] was used. It was developed by integrating several datasets including the reanalysis datasets of the National Centers for Environmental Prediction (NCEP) and National Center for Atmospheric Research (NCAR), Global Precipitation Climatology Project (GPCP), the Tropical Rainfall Measuring Mission (TRMM) and the World Meteorological Organization (WMO) Solid Precipitation Measurement Intercomparison [48] . The PGF dataset was used in this study due to long-term availability of complete records. Estimation of PET using the Penman-Monteith method needs a number of meteorological variables. For this purpose, PGF daily near-surface meteorological variables including maximum and minimum temperatures, relative humidity, and wind speed at a 0.25 • spatial grid were used in this study. Solar radiation was estimated using the solar radiation model proposed by [49] . PGF data has been widely used for several hydroclimatic studies in the Middle East [19, 50, 51] and Asia [4, 52, 53] . The information about different datasets, their providers, period of availability, period of data used in this study, and the spatial resolution are given in Table 1 . 
Methodology

Aridity Index
Aridity Index (AI) is a widely used measure to describe the water-deficient of a given climate. The widely used AI [54] characterizes aridity by the proportion of precipitation (P) to the potential evapotranspiration (PET) as shown in Equation (1);
where both P and PET are the average annual values and expressed in the unit of length. Table 2 presents the five classes of the degree of aridity based on the AI value. The intensity of aridity increases by the decrease of AI value. 
Calculation of Potential Evapotranspiration
The AI value significantly depends on the method used for the estimation of PET. Several methods are available for estimating PET. They vary in the degree of accuracy depending on the availability of data, temporal scale, application and climate type [55, 56] . Studies revealed that the Food and Agriculture Organization (FAO) Penman-Monteith model [57] can measure PET most accurately in any regions of the globe [54] . Therefore, it has been used as a customary method for PET estimation in all over the world [58] . In this study, the FAO Penman-Monteith empirical method of estimating potential evapotranspiration was used as follows:
where PET is in mm/day, u 2 is the wind speed at 2 m above the surface (m/h), T is the temperature ( • C), e s is the saturation vapor pressure (KPa), e a is the actual vapor pressure (KPa), ∆ is the gradient of the saturation pressure curve (KPa/ • C), and R n is the net radiation of the earth's surface (MJ/m 2 /day). The mean saturation vapor pressure (e s ) was calculated from air temperature while the actual vapor pressure (e a ) was calculated from relative humidity. The slope of saturation vapor pressure was calculated from saturation vapor pressure and temperature. Details of the calculation are given in [57] .
Sen's Slope
Sen's slope is a non-parametric estimator of the rate of change over a period of time [59] . It is estimated as the median of the rate of change between two consecutive data points (Q) and estimated as:
where x i and x j are two data points at time i and k.
Modified Mann-Kendall Test
The Modified Mann-Kendall (MMK) test is a robust test against the effect of long-term persistence (LTP) in data. It was proposed by Hamed [60] and was widely used ever since [4, 5, 11, 18, 19, 23, 51, [61] [62] [63] [64] [65] . The MMK test calculates the equivalent normal variants of the rank (R i ) of a de-trended series of length, n as;
where φ −1 is the inverse standard normal distribution function. The scaling coefficient or Hurst coefficient, H can be calculated by maximizing the log-likelihood function [66] ;
where C n (H) is the determinant of the correlation matrix of lag for a given H; Z τ is the transposed vector of equivalent normal variates Z; and γ o is the variance of z i . Significance of H is determined from the mean (µ H ) and the standard deviation (σ H ) for H = 0.5 [60] ;
If H is found to be significant at the 0.05 significance level, the variance of S for given H is calculated as; where ρ l is the auto-correlation function for given H and V(S) H is the biased estimate. The unbiased estimate V(S) H is calculated as below:
where B is a function of H. The significance of trend is then estimated using Z statistics;
The null hypothesis of no trend is rejected at the 0.05 significance level when |Z| > 1.96. Further details of the MMK test can be found in [60] .
Results
Estimation of Spatial Distribution of Potential Evapotranspiration
The maps of the meteorological variables employed for the PET calculation using the Penman-Monteith method are presented in Figure 3 . Annual means of daily relative humidity and wind speed in Syria were found to vary from the coast in the west to the inland. The gradient of relative humidity was found to decrease from 75% in the northwest humid region to 45% in the desert located in the southeast. The wind speed was found to decrease from 4.3 m/h in the northwest to less than 2.8 m/h in the northeast. Solar radiation was found to vary according to latitude. The highest amount of solar radiation (7.3 W/m 2 ) was estimated in the southeast of the country.
Anomaly in different meteorological variables and aridity over the study period (1951-2010) is shown in Figure 4 . The areal average values of meteorological variables over the period 1951-2010 were deducted from the mean for the period to prepare the anomaly series. The anomaly series provided a visual presentation of the changes in aridity and different meteorological variables over time. The figure shows almost no change in maximum temperature while an increase in minimum temperature in recent years. The PET was observed to increase while the rainfall decreased in recent years. Almost no change in areal average relative humidity was noticed. The AI in Syria was found to decrease due to an increase in PET and a decrease in rainfall.
The PET estimated using the meteorological variables is shown in Figure 5 . The PET was found to increase from 1600 mm in the northwest to 2800 mm in the southeast. The high PET compared to rainfall has resulted in the climate of most parts of Syria to be arid.
The maps of the meteorological variables employed for the PET calculation using the Penman-Monteith method are presented in Figure 3 . Annual means of daily relative humidity and wind speed in Syria were found to vary from the coast in the west to the inland. The gradient of relative humidity was found to decrease from 75% in the northwest humid region to 45% in the desert located in the southeast. The wind speed was found to decrease from 4.3 m/h in the northwest to less than 2.8 m/h in the northeast. Solar radiation was found to vary according to latitude. The highest amount of solar radiation (7.3 W/m 2 ) was estimated in the southeast of the country. temperature in recent years. The PET was observed to increase while the rainfall decreased in recent years. Almost no change in areal average relative humidity was noticed. The AI in Syria was found to decrease due to an increase in PET and a decrease in rainfall. The PET estimated using the meteorological variables is shown in Figure 5 . The PET was found to increase from 1600 mm in the northwest to 2800 mm in the southeast. The high PET compared to rainfall has resulted in the climate of most parts of Syria to be arid. 
Spatial Patterns of Annual Aridity and Trends
The spatial pattern of AI estimated for the period 1951-2010 is given in Figure 6a . The figure revealed that Syria has a large area with an arid climate. The climate in about 44% of the land in the southeast is arid. The area is mostly covered by desert with very little potential for any kind of agriculture or farming activities. About 40% of the land in the north and the west are semi-arid. The rest of the land in the northeast and northwest are dry-subhumid (7%) and humid (9%). Land in dry-subhumid to humid regions is widely used for agriculture. Besides, a substantial amount of land in the north located in the semi-arid climate is also used for agriculture and farming. Overall, the climate of the country can be classified as arid. Figure 5 . Spatial distribution of potential evapotranspiration (mm) estimated using the Penman-Monteith method.
The spatial pattern of AI estimated for the period 1951-2010 is given in Figure 6a . The figure revealed that Syria has a large area with an arid climate. The climate in about 44% of the land in the southeast is arid. The area is mostly covered by desert with very little potential for any kind of agriculture or farming activities. About 40% of the land in the north and the west are semi-arid. The rest of the land in the northeast and northwest are dry-subhumid (7%) and humid (9%). Land in dry-subhumid to humid regions is widely used for agriculture. Besides, a substantial amount of land in the north located in the semi-arid climate is also used for agriculture and farming. Overall, the climate of the country can be classified as arid. The trends in AI values for the period 1951-2010 was estimated using MMK test and presented in Figure 6b . The results of the trends in the figure revealed the significant increase in aridity (decrease in AI) over a large area of the country. Increases are mostly found in the semi-arid region in the north and dry-subhumid and humid regions in the northeast. The aridity in most of the arid regions in the southeast was not found to be changed. Aridity in the eastern coastal region was also not found to significantly be changed. Overall, the results revealed a gradual drying of climate for Syria. The trends in AI values for the period 1951-2010 was estimated using MMK test and presented in Figure 6b . The results of the trends in the figure revealed the significant increase in aridity (decrease in AI) over a large area of the country. Increases are mostly found in the semi-arid region in the north and dry-subhumid and humid regions in the northeast. The aridity in most of the arid regions in the southeast was not found to be changed. Aridity in the eastern coastal region was also not found to significantly be changed. Overall, the results revealed a gradual drying of climate for Syria.
The Shift in Aridity
The spatial pattern of the shift of land from one arid class to another was investigated by mapping the differences between the aridity observed in 1951-1980 and 1981-2010. The aridity maps for those periods and the map showing the shift of aridity are shown in Figure 7 . It was noticed that aridity for both periods had more or less same patterns. However, the difference showed in Figure 7c revealed that a large area has changed from semi-arid to arid in the northeast. A large part of the arid region in the center of the country has also become hyper-arid. It can be also noted that a small area in the southern region also turned arid. A shift from humid to dry-subhumid and dry-subhumid to semi-arid in the northeast corner and western side was also witnessed. The percentage of the area shifted from one to another arid class between 1951-1980 and 1981-2010 are given in Table 3 . It was observed that 3.55% of the humid area turned into dry-subhumid. Similarly, 5.91% of the area was shifted from dry-sub humid to semi-arid and around 6.21% of the area was changed from the semi-arid to the arid climate. About 40.8% of the land was arid during The percentage of the area shifted from one to another arid class between 1951-1980 and 1981-2010 are given in Table 3 . It was observed that 3.55% of the humid area turned into dry-subhumid. Similarly, 5.91% of the area was shifted from dry-sub humid to semi-arid and around 6.21% of the area was changed from the semi-arid to the arid climate. About 40.8% of the land was arid during 1951-1980 which was increased to about 47% during 1981-2010. The results indicate that Syria has turned dryer in recent years, compared with the early period (1951 to 1980). 
Geographical Distribution of the Trends in Rainfall, Temperature and Potential Evapotranspiration
In order to understand the causes of aridity shifts, the geographical distribution of the trends in rainfall, temperature, and PET are given in Figure 7 . Changes in rainfall, temperature, and PET were estimated using Sen's slope and significance of changes were verified using a modified version of the MMK test at 0.05 significance level for the period 1951 to 2010. The changes in rainfall were estimated between 4 to −32.0 mm/decade. The significant reduction in precipitation was noticed in the north and northeast. The decreasing rate was found more than 32 mm/decade in the northeast where annual total rainfall is about 800 mm. The rainfall decreased in the northern semi-arid region by 12 to 16 mm/decade where the annual average precipitation is between 300 and 400 mm. This indicates that precipitation in the north and northeast of the country is decreasing rapidly.
The temperature of the country was found to significantly increase at all locations. The increase was found high in the high-temperature region and relatively less where the temperature is comparatively lower. The highest increases are observed in the east, particularly in the northeast (0.28 • C/decade). Besides, it was found to rapidly increase in the northwest (0.17 • C/decade). In contrast, PET was not observed to significantly increase at any location except at a single point situated in the western desert. The spatial pattern of PET trend was found to follow the temperature trend, which indicates that temperature has a role in shaping the PET of the country. The rising temperature was the cause of PET increase in most parts of the country, but the increases are not statistically significant yet. But the rising trend of temperature can cause an increase in PET in the future.
The aridity trend map and the aridity shift map in Figures 6 and 7 respectively were analyzed with the trend maps of Figure 8 to evaluate the effect of rainfall and temperature on aridity in Syria. It was found that the AI reduced significantly (or aridity increased significantly) in the region where rainfall decreased more, such as the north and northeast of the country. Aridity in the northwest of the country increased though rainfall has not been changed in the region. This may result in a rise in temperature. Overall, the results showed that the increasing aridity in the semi-arid region was mostly due to the decrease in rainfall, while the increasing aridity in the humid and dry-subhumid region of the northwest resulted from the increase in temperature. 
Impact of Aridity Shift on Land Use
The land use map of Syria is presented in Figure 9 . About 65% of land in the south and southwest is categorized as a desert or steep lands and pasture with very little grazing capacity. The climate in these two regions is arid or near to hyper-arid. About 33% of the land, located in the north and the west are cultivable, among which 91.7% is used for cultivation. This indicates intense agricultural activities in the cultivable lands in the north and west of Syria. The climate of the region is mostly semi-arid to humid. The rest of the land (3%) is forested land, which is sparsely distributed over the country, but most are placed in semi-arid region. The crops lands in the north are mostly irrigated. Besides, there is rainfed agriculture in some regions of the northeast and west, particularly, in the northwest. 
The land use map of Syria is presented in Figure 9 . About 65% of land in the south and southwest is categorized as a desert or steep lands and pasture with very little grazing capacity. The climate in these two regions is arid or near to hyper-arid. About 33% of the land, located in the north and the west are cultivable, among which 91.7% is used for cultivation. This indicates intense agricultural activities in the cultivable lands in the north and west of Syria. The climate of the region is mostly semi-arid to humid. The rest of the land (3%) is forested land, which is sparsely distributed over the country, but most are placed in semi-arid region. The crops lands in the north are mostly irrigated. Besides, there is rainfed agriculture in some regions of the northeast and west, particularly, in the northwest.
It was difficult to quantify the impact of aridity shifting on different land uses accurately due to the coarse resolution of gridded data. However, the aridity shifts map shown in Figure 7c was overlaid on the land use map of Figure 9 to quantify the impact of dryland shift on land use and agriculture of Syria. The percentage of different land use affected by aridity shift is given in Table 4 . In term of the affected area, the agriculture land in the northeast and west, particularly in the northwest was most affected by aridity shift. About 28.3% of agriculture land has been shifted from humid to dry-subhumid or dry-subhumid to semi-arid. In term of percentage of the affected area, forested land will be affected most. About 32.7% of forested land has been shifted to lower arid class to higher arid class. Besides, 13.1% of the land in the middle of the country with scattered agriculture has experienced a shift from semi-arid to arid land. It was difficult to quantify the impact of aridity shifting on different land uses accurately due to the coarse resolution of gridded data. However, the aridity shifts map shown in Figure 7c was overlaid on the land use map of Figure 9 to quantify the impact of dryland shift on land use and agriculture of Syria. The percentage of different land use affected by aridity shift is given in Table 4 . In term of the affected area, the agriculture land in the northeast and west, particularly in the northwest was most affected by aridity shift. About 28.3% of agriculture land has been shifted from humid to dry-subhumid or dry-subhumid to semi-arid. In term of percentage of the affected area, forested land will be affected most. About 32.7% of forested land has been shifted to lower arid class to higher arid class. Besides, 13.1% of the land in the middle of the country with scattered agriculture has experienced a shift from semi-arid to arid land. 
Discussion
Spatiotemporal trends in aridity, the shift in arid land from one class to another, and the impact of aridity shift on different land uses of Syria were assessed in this study using high resolution gridded climate data. The results revealed a decrease in aridity or an increase in aridity in Syria over the period 1951-2010. Increase and decrease in aridity has been noticed in different parts of the globe. Among those a number of studies reported dry regions to become drier more extensively compared to drying of wet regions [67, 68] . The same has been observed in Syria, where dry-subhumid and semi-arid regions are found to be shifted to semi-arid and arid, respectively. The time series analysis of areal average aridity and different climatic variables showed an increasing tendency in PET with a decrease in rainfall in recent years. An increase in PET and a decrease in rainfall caused a decrease in AI or more aridity in Syria. The analysis of time series data revealed the decrease in AI become visible in recent years (after the 1990s). This is mainly due to a decrease in 
Spatiotemporal trends in aridity, the shift in arid land from one class to another, and the impact of aridity shift on different land uses of Syria were assessed in this study using high resolution gridded climate data. The results revealed a decrease in aridity or an increase in aridity in Syria over the period 1951-2010. Increase and decrease in aridity has been noticed in different parts of the globe. Among those a number of studies reported dry regions to become drier more extensively compared to drying of wet regions [67, 68] . The same has been observed in Syria, where dry-subhumid and semi-arid regions are found to be shifted to semi-arid and arid, respectively. The time series analysis of areal average aridity and different climatic variables showed an increasing tendency in PET with a decrease in rainfall in recent years. An increase in PET and a decrease in rainfall caused a decrease in AI or more aridity in Syria. The analysis of time series data revealed the decrease in AI become visible in recent years (after the 1990s). This is mainly due to a decrease in rainfall in Syria in recent years. Pour et al. [2] examined the cause of aridity shifts in different climate zones of Iran, bordering Syria. The study showed that a gradual reduction of rainfall is the primary driver of increasing aridity in the arid and semi-arid regions. This is the first attempt to assess the trends in aridity and shift of arid lands in Syria. Therefore, it was feasible to validate the results of the study with earlier findings. However, the results of this study correspond to the aridity trends in a nearby country. An increasing trend in aridity at 45% of the observed locations of Iran, bordering Syria was estimated by Shifteh Some'e, Ezani [ [27] reported increasing aridity in recent years in the predominantly arid country of Iraq. In recent years an increasing tendency in aridity is also reported in Iraq [27] .
The anomaly time series of areal average maximum and minimum temperature of Syria revealed almost no change in maximum temperature while an increase in minimum temperature. This indicates a decrease in the diurnal temperature range (DTR) in Syria in recent years. The decrease in DTR is considered as an indication of anthropogenic climate change [18, 51, [71] [72] [73] . Therefore, it can be remarked that the recent changes in aridity in Syria may be due to global warming-induced climate change.
An increase in rainfall with the rise in temperature due to global warming has been noticed in many regions of the globe [5, [74] [75] [76] . In contrast to many other areas, the precipitation in some areas of Syria was observed as decreasing. Pour et al. [2] reported that the process of atmospheric saturation under a warmer climate takes more time which eventually delays the onset of precipitation. A higher amount of water vapor will be transported to higher latitudes under a warmer climate by the atmospheric circulation before precipitation can be formed. This has been particularly noticed in arid and semi-arid regions of the Middle East [77] . Therefore, rises in temperature in the region caused a decrease in precipitation. It can be anticipated from the results that a continuous rise in temperature in the region due to global warming may cause a further decrease in precipitation and more aridity in the region in future.
The overlapping of land use map on the land shift map revealed a shift of different drylands to higher arid classes mostly in the irrigated agricultural lands in the north and the northwest of Syria. The aridity reduces soil micronutrient and thus, land productivity [78] . It also increases land erosion, sedimentation and dust particulates in the air which eventually reduces the suitability of land of agriculture and grazing. Reduction of biodiversity, damage to ecology and deterioration of the environment is commonly noticed with the increase of aridity. This indicates a shifting of aridity which can have severe implications for agriculture and the environment of the country.
The increase of aridity always causes an increase in irrigation needs, and thus, water stress. Chowdhury, Al-Zahrani [79] found that an increase of temperature by 1 • C causes an increase in irrigation demand by 2.9% in the region. Ragab and Prudhomme [80] found that decreasing rainfall has caused a large increase in irrigation needs in the arid region of the Middle East. As a country with limited water resources, the increase in irrigation needs would certainly cause agricultural water stress in the country. A further rise in temperatures with global warming may drive a further increase in irrigation demand and more water stress. The impact would be more devastating due to the growing aridity in agriculture regions in the north and the northwest. Increasing demand for irrigation and possible increase of water stress under climate change scenarios have reported in neighing countries of Syria. Azad, Behmanesh [81] reported increasing water stress for the winter wheat crop in northern Iran. Onder, Akiscan [82] reported higher irrigation needs and crop water stress in southern Turkey.
An increase in aridity may make the country more susceptible to natural disasters, particularly droughts which are the major cause of crop failure in Syria. Prolonged droughts between 2007 and 2010 in Syria due to the changing climate have been reported as a stimulant to the Syrian unrest [83] . The droughts aggravated water crisis leading to severe agricultural and livestock losses for about 1.3 million people out of which 800,000 were affected severely [84] . It also resulted in the exodus of people from the afflicted villages to the cities [85] . With the projected decrease in annual precipitation by −30 to −85.2% for Syria [86] , there may be increased aridity, losses of land productivity, increases in crop water demand and increasing frequency of droughts can increase huge economic loss and more conflicts in Syria.
Conclusions
The present study was conducted to understand the effect of recent changes in climate on aridity and the shift of arid lands in Syria between 1951-1980 and 1981-2010 . Trends in precipitation, temperature and PET were evaluated under the cause of aridity shift and the impact of aridity. Finally, the aridity shift in different land uses of Syria was evaluated to understand the impacts of aridity shifts. The results revealed an expansion of arid land in Syria. The major shift of aridity was observed for semi-arid and dry-sub humid lands. About 6.21% of semi-arid land was observed to shift to arid class and 5.91% dry-sub humid land to semi-arid land between 1951-1980 and 1981-2010 . The decrease in rainfall is considered as the major cause of increasing aridity in Syria. Besides, the rising temperature was observed to play a role in aridity shift in less arid regions in the northwest. The analysis of aridity shifts in respect of land use revealed that forested and agricultural lands would be the most affected by aridity shift. This may cause loss of agricultural productivity and impacts of food security of the country if mitigation actions are not initiated. The climate data used in this study are associated with some forms of uncertainty and thus the results obtained are also. In the future, different gridded data could be used to estimate uncertainty in the aridity shift in Syria. The PET can be estimated using different methods and their impacts on aridity shifts can be analyzed to evaluate the uncertainty associated with PET estimation methods on the aridity index.
